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Casing (15) is installed in a well in a folded collapsed condition by uncoiling 
ft from a reel (87). Two strings of tubing (27, 29) extend continuously through the 
collapsed casing. One of the strings of tubing (27) is connected to a cement shoe (19) 

l^*.^ 03) ' J* «her string of tubing (29) extends to a pressure 
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swssyar saa ssasas aiaiaas sar* - — 




BEST AVAILABLE COPy 









FOR THE PURPOSES OF INFORMATION ONLY 








Cocks used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT 


AL 


Albania 


ES 


Spin 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


PI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 
AU 


Austria 


PR 




LU 


Lttacaftbourt 


SN 


Senegal 


Australia 

Azerbaijan 


GA 


Ombcn 


LV 


Latvia 


sz 


Swaziland 


AZ 


GB 


UaJlod Kiofdoni 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


CE 


GcorjU 


MD 


Republic of Moldova 
Madagascar 


TC 


Togo 
Ttjikutan 


BB 


Barbados 


GH 


Ghana 


MG 


TJ 


BE 


Betjiw 
Burktaa Faso 


GN 


Guinea 


MK 


The former Yecostav 


TM 


Turkjntrattn 


BF 
BG 
BJ 
BB 
BY 


CR 


Greece 




Republic of Macedonia 


TR 


Turkey 


Bulgaria 
Bate 


HU 
IE 


Hungary 
Ireland 


Ml. 
MN 


Mali 

Mongolia 


TT 
UA 


Trinidad and Tobago 
Ukraine 


BntB 
Bekna 


IL 
IS 


brad 


MR 
MW 


Mauritania 
Malawi 


UG 
US 


Uganda 

Unued Slates of America 


CA 


Canada 


IT 




MX 


Mexico 


UZ 


Uzbekistan 


CP 


Central Africa Republic 


JP 


Japan 


NK 


Niger 

Netherlands 


VN 


Viet Nam 


CG 


Congo 


KB 


Kenya 


NL 


YU 


Yugoslavia 
Zimbabwe 


CH 


Swfcxnriand 


KG 


Kyigyiatan 


NO 




ZW 


a 


cow crivou* 


KP 


Democratic People's 


NZ 


NewLl*nd 




CM 






Republic of Korea 


PL 


Poland 






CN 


CWm 


KR 


Republic of Korea 


PT 


Portugal 






CO 


Cute 


KZ 


Ktssfcuai 


RO 


Romania 






cz 


Czech Republic 


IX 


Saint Lucia 


RU 








DE 


Germany 


U 




SD 


Sydan "* 






DK 


Denmark 


LK 


Sri Lanka 


SB 


Sweden 






EE 


Estonia 


LB 


Liberia 


SG 


Singapore 







WO 98/07957 



PCT/IB97/00994 



METHOD FOR CASING A WELLBORE 

Technical Field 

This invention relates in generaJ to installing well casing in oil and gas 
wells and in particular to a method involving fabricating and collapsing casing, running 
5 the collapsed casing into the well and opening the casing into a cylindrical 
configuration. 

Background Art 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together sections of pipe, each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is repealed with anqther smaller 
lb diameter nested casing. An even smaller diameter string of casing may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesired 
outflow of drilling fluid into the formation or inflow of fluid from the formation into 
the borehole from strata other than the target production strata. The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they require larger drill bits, more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and running casing in forty foot section is time consuming. 

30 Liners are employed in some wells. A liner is similar to a casing, however, 

rather than extending completely to the surface wellhead, the upper end of the liner is 
suspended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in limited lengths from 
only the smallest diameter full length casing installed. 

3S Coil tubing units permit one to rapidly run a continuous metallic tubing into a 

well The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers h into the well as it is uncoiled from the reel. Coil tubing is 
used to circulate fluids into wells for various purposes. However, it is seldom used to 
serve as casing due to its small diameter. Coil tubing is smaller in diameter than 

40 typical casing, which have usually a minimum diameter of five inches. It would require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
diameter or larger. 

Disclosure of Invention 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and welded longitudinally with at least one string of continuous tubing 
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insert«i during the manufacturing process. Alternatively circular pipe sections about 
forty feet long are welded together and strings of tubing are thVeTdeTuSde^e 

^laJlSh tUbi " 8 therei " "* WOund on * ^aJI reel due 

to its small height by companson to its nominal diameter. The upper and lower end 

portions of the casings are generally formed in a somewhat cylindrical eonfiguiStaT 
An opening tool is located ,n the lower end cylindrical portion. The opening Solhas a 
£££ . 3 T fo ""'"8^ located above the piston. A pre^cnamb* is 
created below the piston in the lower end portion of the casing 

enterinJtt^l 8 S^" 1 ^ f" " d " d f ° ,ded fa a horscshoe *"P« P™ to 
ir ,! #i k ^ thC CaS '" e h3S reached the P™^ de P»h. a fluid is pumped 

down the tubmg into the pressure chamber to open the casing imo a cylindrical ZpT 
The fluid Pressure acts against the piston to push the opening tool upward. This 
causes the head of the opemng tool to form the casing from the coUapsed/folded 
I. ^ES^g?* COnfi8Umi0n ^formmg tool and th/tubingtl 

ma r ^ e S ab ^ tw0 r s ? n S s of tMa S are installed in the casing while it is being 
manufactured. One of the strings of tubing serves to pump a cement slurry dowS 
through a cement shoe located at the lower end of the casing. The cement flows back 
?n ™1 Jr ,ua surro l undin g the casing to cement the casing in place. Then fluid is 
20 pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
is used to expand the upper end cylindrical portion of the casing into a metal to metal 
sealing engagement with the lower end of the previously cased section of the well In 
the preferred embodiment, this involves releasing the running tool from the upper end 
of the casing after the collapsed portion of the casing has been expanded then 
lowering the forging tool located above the running tool into the casing Fluid is then 
pumped down to radially foige the upper end of the casing into engagement with the 
lower end of the previous one. 

The opening tool includes a forming head with a conical body with flutes 
Balls roll along the flutes in rolling engagement with the casing wall as it is being open 
to a cylindrical configuration. The balls force the opening of the casing as they roll 
along the flutes. The balk roll from the flutes into a lower ball passage an axial 
passage, into an upper passage, and back into the flutes in a continuous cycle 
Alternatively, the forming head comprises a conical body with thin dual conical 
35 segments to increase the forming head diameter 

Brief Description o f Drawing s 

Figures 1A-1D comprise a vertical sectional view of an assembly for casing a 
well, including a collapsed string of casing being installed in a well along with a 
4 o tunning tool and an opening tool. 

Figure 2 is a cross sectional view of a portion of the running tool of the 
assembly of Figures IA-1D, taken along the line 2-2 of Figure IB. 

Figure 3A is a sectional view of another portion of the running tool of the 
assembly of Figures 1 A-1D, taken along the line 3-3 of Figure IB. 
45 Figure 3B is another sectional view of the running tool taken along the line 3-3 

of Figure IB. but showing the running tool shifted to a released position. 
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Figure 4 is a sectional view of an intermediate portion of the casino of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a portion of the opening tool of the assembly of 
Figure 1C, taken along the line of 5-5 of Figure 1C. 

5 ,^ . Figl ! re 6 ' S an ° ther ^'O" 31 view of a Portion of the opening tool of Figure 
IC, taken along the line 6-6 of Figure 1C ^ 

.. , /'f^ 6 7 is a Sectional view of ,he ceme "t shoe of Figure 1 D. taken along the 
line 7-7 of Figure ID. ° 

, „ n- 8A a " d 8B Comprise a section a' view of a portion of the assembly of 

10 Figure 1, shown after cementing and during the opening of the intermediate portion of 
the casing. v Ul 

0 o /J* 8 ""; 9 , iS * SeCti0na ' Vi6w ° fthc assembI y of F «8«e 8A, taken along the line 
9-9 of Figure 8A. 

,« i^.o S UrC 10 o!f * SeCti ° nal ^ ° f the aSSembly 0f P *« ure 8A - taken ^8 the line 
15 10-10 of Figure 8A. 

, , . . !? 8UrC 1 1 ' S a scctiona, vi ew of ,he assembly of Figure 8B, taken along the line 
1 1-1 1 of Figure 8B. 

F «we 1 2 is a sectional view of the forcing packers of the assembly of Figure 

1 A, shown lowered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into sealing and locking engagement with 

the lower end of the upper cased section. ** 

Figure 13 is a sectional view of one of the forging packers of Figure 12 taken 
along the line 13-13 of Figure 12. 

Figure 14 is a sectional view of the well of Figures 1 A- ID. shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 15 is a schematic sectional view illustrating a step in manufacturing the 
collapsible casing of Figures 1A-1D. 

Figure 16 is another schematic sectional view of the casing of Figure 1A-ID 
showing the addition of an outer layer in the case of a multiple layer casing 
30 Figure 17 is another schematic sectional view of the casing of Figure 16 

showing the welding of the additional layer. 

Figure 1 8 is a sectional view illustrating one of the end portions of the casing 
of Figures 1 A-1D with a dual layer configuration. 

Figure 19 is a schematic view illustrating the collapsed casing of Figures 1 A- 
35 ID being uncoiled from a reel, folded in a horse shoe shape and lowered into a well 

Figure 20 is a flattened sectional view of the casing of Figure 1 9. shown along 
the line 20-20 of Figure 19. * 

Figure 21 is a folded sectional view of the casing of Figure 19, shown along 
the line 21-21 of Figure 19. 
40 Figure 22 is a schematic view illustrating valves for controlling the flow of 

fluids to the installation apparatus of Figures 1 A-1D. 

Figure 23 and 24 are isometric views illustrating an alternative design for the 
opening tool including expander segments. 

45 Best Mode for Carrying O ut the Invention 

Referring to Figures 1A-ID. the well illustrated has a cased section 1 1 which 
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has already been cemented in place and an open hole section 13 which extends below 
cased section 11 to the _ target depth. A continuous string of casing 15 according to 
me invention ,s shown ,n place in the well with a lower end portion 15a at the lower 

fH°H * L OP T h ° IC T 0 " 13 CaSing ' 5 W Portion 15b tha 

extends from the lower end portion upward, typically several thousand feet, to an 
upper end portion 15c. Upper end portion 15c overlaps the lower portion of cased 

S2L. i UPPCr Cnd POr,i0ns ,5a ' ,5c each *>«-ewhat 

cylindrical with axially extending corrugations 17 as shown in Figure 5. ComiRations 

17 are straight axially extending channels on both the inner and outer diameters of 
casing, providing inward protniding valleys 17a alternating with outward protrudi™ 
peaks lib. Intermediate portion 15b, shown in Figure 4, is collapsed and folded 
havmg a bight 18 that curves inward and touches the opposite side, which is generally 
arcuate when lowered into the wdlbore. B y 

Referring to Figure ID, a cement shoe 19 is located at the lower end of casing 
15 lower end portion 15a. Cement shoe 19 provides a end cap for casing 15 and is made 
of dnllable material with a cementing port 20 extending axially through it A metal 
sunger 21 engages sealingly into the upper portion of cementing port 20 Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement slurry through 
cementing port 20 which flow back up the annulus space surrounding the casing 15 as 
20 indicated by the arrows. Stinger 21 has also some flow ports 25 which are isolated 
from conduit 23 and lead to the exterior of stinger 21. 

A cement slurry tubing 27 extends continuously through casing 1 5, and has its 
lower end coupled to stinger 21 for connecting with conduit 23. Similarly a fill-up 
tubing 29 extends continuously through casing 15 and has its lower end coupled to 
25 stinger 21 for delivering fluid to ports 25. Tubing strings 27, 29 are, conventional 
metal coiled tubing strings of about one inch in diameter. 

An opening tool 3 1 is housed in casing lower end portion 15a, shown in Figure 
1C, above stinger 21. Opening tool 31 includes on its lower end a piston 33. Piston 
33 is an elastomeric cup sliding seal, which has straight axially extending grooves on 
30 its exterior for meshing with the corrugations 17 of casing lower end portion 15a 
Piston 33 has a packing element 33a to seal around tubing strings 27, 29. A pressure 
chamber 35 is located in the space surrounding stinger 21 above cement shoe 19 and 
below piston 33. In the rurming-in position, as shown in Figure ID, pressure chamber 
35 is at its minimum volume. A cylindrical metal piston head 37 extends upward from 
35 piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the inner diameter of casing lower end portion 1 5a at valleys 17a. 

Opening tool 31 has a tapered or conical forming head 39 that tapers from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertical 
flutes 41 which align with valleys 17a, as shown in Figure 5. A plurality of balls 43 
40 roll down flutes 41 of head 39. Balls 43 are movable through two axial passages 45, a 
plurality of lower lateral passages 47, and a plurality of upper lateral passages 49. 
Piston head 37 initially is in a lower position within a sleeve 48 of head 39, providing a 
chamber for a number of balls 43 as shown in Figure 1C. When piston head 37 is 
pushed upward, until it will enter in contact with a flange 50 of head 39 as shown in 
45 Figure 8A, it will push the balls 43 upward through axial passages 45. Balls 43 move 
outward on upper ball passages 49, down flutes 41, and back inward in lower ball 
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passages 47 to axiaJ passages 45 in a continuous cycle as body 39 moves upward in 
casing 15. 

Referring again to Figure 1C, opening tool 31 has a cylindrical top end 51 
which has an outer diameter equal to the minimum inner diameter of casing lower end 
5 portion 15a, which is measured at valleys 1 7a. Balls 43 will engage valleys 1 7a when 
contained in flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41, the diameter from one ball 43 to an opposite ball 
43 is substantially equal to the diameter between valleys 17a. When balls 43 are at the 
lower ends of flutes 41, as shown in Figure 8A, the outer diameter of forming tool 3 1 
io measured from one ball 43 to an opposite ball 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end portion 15c 
Consequently, balls 43 push valleys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 
upward. 

Due to the relative stiffiiess of the casing metal wall, the intermediate portion 
15b is opened from its folded configuration ahead of the opening tool 31, and the 
contact between the inner wall and the opening tool 31 is made only by the balls 43 
rolling on flutes 41 of the conical forming head 39. 

Referring to Figure IB, a running tool 55 is located at the top of casing upper 
end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58a 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 17a in the upper inside end of casing upper end portion 15c 
Because of corrugations 17 and grooves 58, threads 57 will be discontinuous and 
2 5 located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylindrical exterior. Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
elongated U-shaped J-slot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom. During iurming-in of casing 15 J. 
pin 61 win be at the upper end of the first leg 63a and maintained in this posrtionby 
the weight of the casing 1 5 hanging on the running string connected to the inner body 
59. After casing intermediate portion 15b has been opened, the weight of the casing 
15 is supported by the numerous contacts with the inner wall of the borehole. After 
opening has been completed, the operator will lower the running string 72, which 
lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the running string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the arrow in Figure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
peaks 17b, allowing running tool 55 to be lowered into casing upper end portion 15c. 

Running tool 55 has a main supply passage 64 connected to the passage in the 
lower part of packer string 69 which extends into inner body 59. A cement slurry 
passage 65 (Fig. 3A) connected to tubing string 27 is located in running tool 55 and 
can be connected to the lower end of main supply passage 64. Similarly, a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 
45 supply passage 64.. 

Inner body 59 of running tool 55 is connected to the packer string 69 by 
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threads. The upper part of packer string 69 features a centralizer 70 Two 0 r more 
forging packers 71 are mounted on the packer string 69 between centralizer 70 and 
inner body 59. Forging packers 7!. when supplied with high internal pressure from a 
down hole pressure mult.plicator (not shown), will inflate and radially expand to 
plasucally forge the upper end of casing upper end portion 15c, as shown in Figure 12 
Hydraulic passages 73, extending through packer string 69, can be connected via 
pressure muluphcator to lower end of main supply passage 64 within running tool 
inner body 59. Paker string 69 is connected at centralizer 70 to a the running string 
which extends to the surface. Preferably, running string 72 is another string of coiled 
tubmg approximately two inches in diameter. Packers 71 have external axial grooves 
74 which wll ahgn w.th valleys 17a of casing upper end portion 15c when packers 71 
are lowered mto upper end portion 15c with the centralizer 70 landed on too of the 
casing 1 5c as shown in Figure 12. 

Referring to Figure 22, in the preferred embodiment, electrically actuated 
valves /5. 77 and 79 are mounted in running tool inner body 59 (Fig. IB) Valve 75 is 
in slurry passage 65 and opens and closes flow to tubing 27. Valve 77 is in opening 
fluid passage 67 for opening and closing flow from main supply passage 64 to tubing 
29. Valve 79 is in pressure passage 73 for opening and closing pressure fluid from 
main supply passage 64 to forging packers 71 (Fig. 1 A). Electrical valve comrol wires 
(not shown) extend through coiled running string 72 to the surface to a control panel 
A small accumulator (not shown) supplies hydraulic fluid to valves 73 77 79 to open 
and close them when electrically actuated. Pumps 80 on the surface/which could be 
either cement or mud pumps are used for delivering pressure fluid down main sunolv 
passage 64. J 

Referring now to Figure 15, casing 15 is fabricated by drawing a first metal 
strip 81 from a reel and bending two edges down around two laterally spaced apart, 
parallel continuous strings of coil tubing 27, 29. As shown in Figure 16 the edges are 
bent over and welded at seam 82. The upper side is bent into a concave shape 
touching seam 82, while the lower side is flat. Then, a second strip 83 is drawn from a 
30 red and bent to have upturned edges. As shown in Figure 1 7. second strip 83 is then 
bent by rollers around first strip 81 while first strip 81 is in the configuration shown in 
Figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Figure 20. Casing 15 thus is double-walled and has a flat side 85 that extends 
between parallel tubing strings 27. 29. generally tangent to outer diameter portions of 
35 tubmg strings 27, 29. 

The use of two walls for casing 15 reduces the amount of strain that would 
otherwise occur during opening plastic deformation with a single wall casing having 
the same total thickness. Three or more wall casings might be desirable in certain 
cases. Casing made of multiple wall needs good friction between the wall to resist 
40 external pressure. Known friction enhancing techniques such as surface stamping, 
surface treatment or coating are desirable to offer adequate external pressure 
capability when open. Also the circumference of the external wall can be made slightly 
smaller than the previous one to offer adequate fretting of the wall when casing is 
open. 

45 Casing 1 5 will be coiled on a reel 87 (Fig. 1 9) while in the configuration shown 

in Figure 20. Reel 87 is a large member capable of holding up to 5000 feet of casing 
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15 which has a 5-1/2 inch external diameter when expanded to a cylindrical 
configuraUon. F.gure IS illustrates corrugations 17 wWchTformed on both 
upper and tower end portions 15c, 15a (Figs IB. ID) by a toDer corXtS 
operation. The upper and lower end portions 15c, 15a remain generally SX£? 
■ although corrugated. The straight upper and lower end portions 1 5c, 

few feet m length and are not wound on reel 87 during transportation Tom il 
manufactunng plant to the well site. we 

fir* nJlT dC ? 0yin8 C S ng J ,S fr ° m reel 87> casin 8 '"^nnediate portion 15b will 
first pass through a set of bendmg rollers 89 as shown schematically i„ Figure 19 
Foldmg rollers 89 will form casing 15 from the collapsed flattened confimSIfJ J 
Figure 20 to the folded collapsed configuration shown in T£S% Kg£ 
1 8, and postuons tubmg slangs 27, 29 closer toward each other. The maximum X 
of casjng imennedtate portion 15b in the rounded collapsed configuX Z "f™ 
2 than the, oner diameter of cased section 11 (Fig. 1A). Maximum S 

of casmg intermediate portion 15b while in the collapsed flattened configuratioTuf 
JT e2 °u ^^'he inner diameter of cased section II. AssoSwnh the 
folding rollers 89, a gripping and pushing mechanism 9. is employed. The £w£ 
pushing mechamsm 91 .s constructed generally as in a conventional coil tubing pushinl 
mechanisms^ It grips casmg 15 without deformation, pulls it from reel 87 and pushes 
,t downward mto the we... The horseshoe shape of Figure 21, resists the compres^ 
applied by gnppmg and pushing mechanism 91 while being pushed into the well 

Dunng installation, casing 15 will be uncoiled from reel 87 and pushed bv 

TeSoTn tkT UDtil Sh ° e 19 i$ C,ose ,0 *• *«» ^pen hole 

T V The length of casmg 15 will be previously selected so that the upper end 
of portion 15c extends mto cased section 11 (Fig. IB), overlapping it over a 
subset*, .ength. Valves 77, 79 are closed and valve 75 (Fig. 22) is oJen and Sent 
pump 80 pumps a cement slurry 92 (Fig 9) down the passage 64, 65 through open 
valve 75 and down cement slurry tubing 27. As shown by the arrows in Figure ID 
the cement slurry flows down passages 23, 20 and flows up the annulus space 
surrounding casmg 15. F 

. A. selected volume of cement will be pumped based on an estimate of the total 
volume of the annulus as if casing 15 had already been opened to the cylindrical 

CCaUS 1<°u the C ° UapSed rounded or horeesh <* configuration of casing 
intermediate portion 15b, a much greater annulus volume initially will be present 
around casing intermediate portion 15b, as shown in Figure 9, facilitating circulation 
Consequently, inruauy, cement 92 will normally not completely fill the annulus to the 
top of casmg upper portion 15c. During the pumping of cement, displaced drilling 

fZ "*T *°V P com, « ations 17 ^ the casing upper end section 15c 
into the annulus surtoundmg running tool 55 flow by ports 60. The returns flow up 

mS surfe2 r8m8 ^ ar ° Und the annu,us surroundin 8 running string 72 

n. u- P TP in8 ? lcuIated volume of <* meRt s>«ny. « selected volume of 
flushing fluid wifl be pumped down cement slurry tubing 27. The volume is selected to 
be just the amount needed to push cement slurry from conduit 72, tubing 27 and 
stinger 21 into the open borehole, but substantially no more. The valve 75 is then 
closed and valve 77 is open. Drilling fluid is pumped down conduit 72, which flows 
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through passages 64, 67 and down fill-up tubing 29 The fluid f) n ^ - ,c 
pressure chamber 35. shown in Figure ID. ^ 25 mt0 

As shown in Figure 8B, the fluid pushes upward on piston 33 whirh ma 
upward relative to tubing strings 27, 29 Piston head 37 >S£ baHs 43 fro™ 1 

wTf'" SlCC ;i 4 n UPWard iW ° PaSSageS 45 ' 35 « be by Fi2« D 

wtth F,gure 8A. Once ,n contact with flange 50, the force exerted by pi Jonfead 37 
begins to push the opening tool 31 upward while tubing strings ^T 2 9 ^L" 
stationary. Du e t0 u, e engagement of balls 43 with head 3 9 ^ JL LeTZ 
portion 15a. balls 43 are forced to roll down the inclined flutes ^pSSJ hevLl^ 

mtermediate portion 15b. BaHs 43 will open casing from 7e cd^i folded 
^nfigura^n of figure 9 to the cylindrical configuration of figure louring tne 
casing expansion process, the annulus surrounding casing intermediate portion f 15b 
decreases, pushmg cement slurry 92 upward, and returns wUI flow up into th^cWl 
spaces between corrugations 17 of casing upper end portion 15c and cased sectionTi 
^rneof the cement slurry 92 will flow out above running tool 55 to insureTproper 
^ I between casmgs when they will be later forged together. As forming t £J 3] 
moves upward, the volume of pressure chamber 35 increases This process will 
continue for the entire length of the casing which could exceed several thousand feer 

. u nT5"^ f T ing t00 ' 31 Wi " reach casin S U PP CT e^ portion 15c At this 
point, balls 4 lw,ll push outward on valleys 1 7a to round the corrugated configurluon 

t ^"f^^.on in the same manner as at casing lower end^ortioS 
15a. FormingtooHl will eventually contact the lower end of running tool 55 which 
protrudes a short distance into casing upper end portion 15c, shown in Figure IB 

The running tool 55 will be released from threads 57 by letting running string 
72 go down a short distance, then pulling upward. While lowering, tubing strings 27 
29 wdl spiral slightly along their lengths to accommodate the compression The 
downward movement of inner body 59 relative to outer sleeve 56 causes J-pin 61 to 
move from first leg 63a to second leg 63b. When this occurs, an incremental amount 
of rotation of sleeve 56 occurs relative to inner body 59. This rotation, as illustrated in 
figure 3B, c«*es threads 57 to disengage from the threads on sleeve 56, releasing 
running tool 55 from casing upper end portion 15c Grooves 58 on outer sleeve 56 
will now be aligned with valleys 1 7a. 

The operator then again drop running string 72 to place forging packers 71 
within casmg upper end portion 15c as shown in Figure 12. Because of L alignment 
of axial external grooves 58 and external grooves 74 (figs. 1A, IB) with corrugations 
17 outer sleeve 56 and packers 71 will pass downward within casing upper end 
T^ , „ Ccnlndl2er 70 is dosel y spaced to the inner diameter of cased section 1 1 
and will land on the upper edge of casing upper end portion 15c. Valve 77 is now 
closed and valve 79 open (fig. 22). Pressurized fluid is supplied with mud pump 80 
through running string 72. This pressure which will be multiplied by a known pressure 
mulupber causes the forging packers 71 to inflate and plastically deform a portion of 
upper end portion 15c out into a tight gripping and sealing engagement with cased 



WO 98/07957 

- 9 - PCT/IB97/00994 



section 11. 



10 



15 



20 



25 



30 



35 



40 



45 



The fluid pressure is then bled off to allow f org jnR packers 71 to r^r, tk 
running string 72 « lifted to pu« up running tool 55 S55££ 27 53S mo^ 
?t7' i 1 S rf 21 and opening tool 31. The entire asSnbryi IT 
of the well and reel back on the reel 87 Figure 14 illustrates casing 15 without Z 

ZfT, CaSinfi . h y droStatic P ressur <= 'ests can then bedoneTg^ £ 

shoe and drilling can resume just after. Also, Figure .4 shows that cased S 0n ^ 
may be of a continuous expandable type installed as a liner to another caseTs^ion 
93. Cased section 93 is shown to again be an expandable type i^ufledTth!T 
manner as described and located within a conduct 95 *LT*£2Fu>" £C 

Figures 23 and 24 illustrate an alternative desiim for the oneninot™! n u 
m heu of balls on inclined flutes which circulate fa* c^SSKL? t 
segments 34 and 36 slide downward from an upper^ea pS "ftaS 
tower expanded position (Fig. 24), then stop against a shoulder 38a Sefi S,! 

34a sliding along a retaining guide 38b attached on the comc/forming headTS 
both sides of segment 34a, two segments 34b are hinged. SegTents 36 whS 
complete the expanding ring 30 (Fig. 24) slide on its own%etaini% Se 38c 22 
attached on the conical forrning head 38. A stabilizer 38d is attached onfce to o £ 
Sri H rmm l head , 38 t0 prCVent C ° mact between the and the 5 of tite 

"aSlsSCt" f '? Ste,lati ° n ° f the W to °' fi ngers of Se 
stabilizer 38d bend when the tool is pumped up allowing the segments to contact d* 
casing mtemal surface. The dual conical segments 34a, 34b and 36 am b?Setf 

openlng^ooT 0 " ^ ^ ^ * >™« »*■ wh «" ^ ^ 

ext e nrfi„? e ar PiSt0n ? f 8 u 23) " 8n dastom eric cup sliding seal with straight axially 
extendrng groove to fit the corrugated end straight section of the castog which 
comprise two parts: a metal support washer 33b which is corrugated and bonded to a 
elastomenc packing element 33c and a lip type seal 33d. FigW24^llu«mtt^! 
deformation of the piston 33 with the support washer 33b bTg flattLed U p a^ 
l^tomenc parts 33c and 33d deformed to cyhndrica. external surfaces of* flS 



diff^JitT \ agnificant advantages. As can be seen in Figure 14, the 
difference m the inner diameters of one cased section to the next upward cased section 
is no greater than the wall thickness of the lower cased seeLn twT^ 
substantially the loss diameter from one casing string Tt^ dig ^st 
monodmneter drilling. It allows a smaller cased section at the top of mTwell a 

dttm r i aad dCP - th th8n Prf0r M weHs - MorKKlian^er dXg ils 
S CUttmgS '° bC dis P oscd of - «» cement to achieve Z 
SnteStT ? • ? S mCth0d aBow> ° ne to ^ shorter and more dSerem 

Pn °; "V" mCth ° d «* Performed without the nS 
for a hoisting mast if drilling is done by turbine driven drill bit on coiled tubing 

While the invention has been shown in only one of its forms it should be 

changes without departing from the scope of the invention. For example, rather Z 
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™ TS 8 12 l ' f \ h ° iSting maSt is avai,able - conventional drill pipe 

^ r ^ k ?1 ^ ratbef than eleclrica,, y ««uated valves, the valving caJ E! 
accomphshed by baHs or darts down the conduit 64 to selectively close and opeT t£ 
passages. Also, rather than elastomeric packers for expanding the casing X enJ 
port,on. other pressure actuated meta. radially expandab^eis may\e e^loyS 
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Claims 

I An apparatus for casing a well, the improvement characterized by the combination of 
a continuous metal casing (15) that is wound onto a reel (87) imoT^erl 
collapsed configuration (Fig. 20); ' generally 

• ^ deploying means (Fig. 19) for deploying the casing from the reel into the well; 

opening means to open in-situs the continuous metal casing from the collar 
configuration into a cylindrical configuration. collapsed 

2. The apparatus according to claim 1, wherein the opening means consk* «r 
opemng too. (3 »), comprising a piston (33), a conical forming heaS 5 %T£Z 
piston (33) and forming a pressure chamber (35) between a closed e„H «! *.h 
located in a closed straight end portion of the iSJS. is g^eraS S^td 
means for pumping a fluid into the pressure chamber, wmcjfac^^^^ 

(33 to push the opemng tool inside the continuous metal casing ffaSSTS 

com«J fomung head (38, 39) to radially open the continuous^ 

the collapsed configuration into a cylindrical configuration. ' 

3. The apparatus according to claim 2. wherein the closed straight end portion of the 
casing (15) has axially extending corrugations (17) having ; a maSm radt 

the radial of * e «TT5LS!!! 

flknSLST? T° rdin8 10 C ' aim 2 ' WhCTein there is - at least . «* «ring of tubing 
^ ^ t001 PiSt0 " 1,35 "*« means < 33a > -ouS 

5- The apparatus according to claim 4, wherein the opening tool (31) is located in a 

and the fluid . pumped down the string of tubing (29) into the pressu^ d2£rO« 
acung agamst the P ,ston (33) to push the opening tool (3 1) upward. W 

L^T JE??" T^u" 8 *? daim 4 ' Wherein ^ ^ '"ears for pumping a 
cement slurry down the tubing (27), which flows back up an annulus surroSglhe 

1 The apparatus according to claim 2, wherein there are means on the opening tool 

2IL fT3 5" COl,apSCd P 0 "™ of *• «*« « rolling contact ^! Z 
opemng tool bends the casing wall into the generally cyfindrical ^gu^ n 

8_ The apparatus according to claim 2, wherein there are means on the opening tool 
(3 1) for increasing the diameter of the conical forming head (38, 39). 8 

9. The apparatus according to claim 8, wherein the means to increase the diameter «f 
he conical fomung head (38) are expander dual cone conical segZts p^b 36) 
located » a retracted position and are staggered further up aTTintS 2 2 
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conical forming head (38) 

^ssz'zsizs* wh " Ei - — ■ ° r * — 

1 1 The apparalus eccocding ,o claim I. whereto while the casing (IS) is on the reel 
(87 . the caang has a ^ Ohm* coefigemioe (Fig m erto XrS^ 

-><casits<,5)is deplore ,1^ 

12 The apparatus according to claim 1 1. wherein there are two string of tuhin* nt 
29) .ocated inside the casing a. both ends of the flattened coin^^ ^ 

1 3. The apparatus according to claim 1 , wherein there are- 

a S2S .odTss"? portion of ,hc casi,,s 0 5c) ^ ls <* indri ** 

the casi^ 16 meanS (57> f ° r attaChinS ,hC rUnni " S t0 °' 10 the "PP er PO«io" of 

casing inTwS *° ^ * ' ^ (?2 > for ,0werin S ^ 

the releasable means releasing the running tool (55) from the upper end of the 
casing after the casing has been opened into the cylindrical configuration for Srievn« 
the running stnng (72) and running tool (55). retrieving 

14. The apparatus according to claim 13. wherein there are 

at least, one string of tubing (29) located inside the casing and the openinn tool 
piston has sealing means (33a) around the tubing. « me opening tool 

tool; mea " S SCCUrin8 UPPer ° f thC String ° f tuWng (27 » 29 > to the "^S 
means to retain the opening tool on the string of tubing; 

the releasable means releasing the running tool (55) from the upper end of the 

2S zSeftnT ? I? (72), A he t<K>1 (3,) "» the Strin « ° f 

tubing (27, 29) after the casing has been opened into cylindrical configuration. 

15 The apparatus according to claim 1. wherein the well has an upper cased section 
He.LT 1 fPP'ratus further comprises means (71, 74) for plastically 

tsass^oiT ~* (,5c) into enga8ement the u ^ r 

16. The apparatus according to claim I, wherein the casing comprises at least two 
concentric sleeves (81, 83) in tight contact with each other. 

IL^^ 154 ?^ aCC ° rding t0 daim 3 - wher « n the corrugated casing straight end 
pomon (IS* 15c) compnses at least two concentric sleeves (81, 83) in tight contact 
witn each other. 
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18. The apparatus according to claim 1, wherein there are: 
first and second strings of tubing (27, 29)- 

a continuous metal casing (15) having an'imermediate portion (15b) formed in 
- a generally flattened configuration (Fia 20) with ih P ««♦ J iormed in 

contained therein and lateSy spTced fpart; "°° nd Stnn8S ° f tubin 8 

the casing having a generally cylindrical lower end portion ( 1 5aV 
an opening tool (31) located in the lower end portion which has a D L«t«„ «■» 
and a conical forming head (38, 39); 35 a pls,on < 33 ) 

he ma n a Cem8nt Sh0e (,9) * the ,0WCr end portion below *e piston (33) which can 
be made m commumcation with at least one string of tubing (27) 

ntao-mm! <35) in ,hC '° Wer m6 I"*™ 0( »* casing below the 

(27) and 3 SS^^ ** 
running too. (55); the running too. (5.5*) bdng^edTo nt^S £ 
bwenng he nmmng too. (55) and the upper end portion of the SJSeita the 
cased section of the well (11) and the intermediate portion (15b) and The lowe en5 
portion of the casmg (15a) in the open hole section ofthe well I (13) 

f27N »nH Cm f?i PUmping f ° r pumpins cement down at "«« one string of tubinn 
(27) and out the cement shoe to return up the annulus surrounding the casing- 8 

™ • . .L PUmpme T 68 " 8 for pumpin 8 a fluid d <>wn at least one strinje of tub™ 

casino f? IT, IJ 35 -" 8 ? C mnning t00 ' (55) from Ac upper Portion of the 
StT!„H c1^ r^r" 8 ^ rUnninS ,00 ' (55) ' the opening tool (31) and the first 
552^ r° nd (29 i Strm8S ° f tubin » after intermediate portion of the 
(1 5b) has been opened into the cylindrical configuration. 8 

1 9. A method for casing in a wellbore, comprising 

a reel ' C °^ m ° US ^ "*« (1 5) "> the casing onto 

lowering the casing from the reel into the well (Fig 19) and 
conngur^oT "** ° 5) ^ ^ C0B " pMd ^^on into a cylindrical 

20. A method according to claim 1 9, further comprising 

™n a PlaCU ? * *?* ? C ^ 0f tubin S < 27 > imo ^ ">«•« t"bular casing prior of 
collapsing and winding the metal tubular casing onto a reel (87) 

placing in a closed end portion of the casing an opening tool (3 1 ) which h« a 

K" °2 "7 a ^ mCaJ f0rmit * hcad W 39) and 8 provid^pSLrec^m) 
between the closed end portion and the piston (33) cnamoer (35) 

lowering the casing (15) from the reel (87) into the well; and pumping a fluid 
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21. A method according to claim 20, further comprising 

- — 

'lowering the casing (15) from the reel (87) into the well and k* a~ , 
flattened configuration of the casing; and bendin8 the 

pumping a fluid down the tubing into the pressure chamlv.r n<\ u- i_ 
against the piston (33) to push the owning tool to he «to ^ 

am* : the forming head (38. 39) to grow to its nombM Sng dintSo 22 
and daft the casmg from the collapsed configuration into a cyoSrical ^SiS^T 
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